Water lily (Nymphaea alba L.) 
Introduction
White water lily (Nymphaea alba l.), family Nymphaeaceae, synonyms Nymphaea occidentalis, Castalia speciosa (Salisb.), Castalia alba ((l.)Wood.) is an important aquatic perenniel plant that produces handsome, floating foliage along with gorgeous, scented, hermaphrodite, self fertile flowers; which blooms from June to early August in turkey. it prefers warm neutral and basic alkaline water marshes, ponds, slow moving streams, lakes or canals up to 1.2 m deep, under sunny conditions (5) and cannot grow in the shade (1) . it is an aphrodisiac, anodyne, antiscrophulatic, astringent, cardiotonic, demulcent, and sedative. It contains the toxic alkaloids nupharine and nymphaeine, which are substances with an effect on the nervous system (6) .
in the past these plants were found in almost all slow moving lakes or ponds throughout turkey, but with the increased urbanization, its population is rapidly eroding and is now found only in limited number of lakes in the provinces of Antalya, hatay, izmir, Konya and Bursa (22) . this makes it clear that if proper and timely measures are not taken to conserve this plant it will become very difficult to save and conserve it; and it will be completely lost from the Flora of turkey primarily through habitat destruction.
Multiplication of plants through seeds is an effective mean for conservation of species, as it helps to maintain genetic variability, which is not possible under asexual methods of propagation through rhizome, a common practice for N. alba. Production of white water lily through seeds has proved difficulties because of the development of dormancy in seeds with the passage of time (19, 20) . this has restricted large scale natural distribution of the plant with rapid germplasm erosion.
The study was designed for development of an efficient in vitro seed germination procedure for the white water lily. the study examined the importance of various plant growth regulators and the effects of dark and light incubation on the germination of seeds from N. alba.
Materials and Methods
the seed capsules of white water lily were collected from the Ulubat lake of the Bursa province, where the plant grows abundantly. the seeds were embedded in white gelatin like substances in seed capsules; the latter were removed and the seeds were wiped with a tissue paper and placed in a cool, dry, shady place for two days to dry. ten random samples of 20 seeds each making a total of 200 seeds were taken from these and tested for seed viability using 2, 3, 5 triphenyltetrazolium chloride (ttc) (11) .
thereafter, the seeds were divided into two lots. one lot was tested for seed germination immediately and the seeds in the other lot were packed in porous containers placed in an air tight container. it had another small porous container in it that contained a rechargeable silica gel, which was blue when dry and turned to pink when moisture saturated. Aging was slowed down by keeping the air tight container at 4 0 c for a period of five months (150 days). The aim was to aid seed vigor and maintain the ability to germinate seeds for a much prolonged time.
Both scarified (by cutting the seed coat with sharp blades of surgical scalpel to encourage germination) and unscarified fresh seeds were surface sterilized using 70% commercial bleach containing 5.5 to 6.5% naocl (Ace, turkey). thereafter, the seeds were germinated by sowing (1) in sterilized sand contained in magenta boxes that were submerged in sterilized, deionised water at pH 7.0. Following was an incubation in 16 h light or dark photoperiod at 24±2 0 c (2), on liquid MS medium (14) or agar solidified MS medium that contained 10-30 g/l sucrose submerged in sterilized deionised water at ph 7.0 (3) and on agar solidified MS medium that contained different concentrations and combinations of BAP and iAA, both submerged in sterilized, deionised water at ph 7.0 ( Table 1) .
the seeds from the second lot, kept at 4 0 c were taken out after 5 months and both scarified and unscarified seeds from this lot were germinated using aforementioned procedures and: 0.5 to 16 mg/l GA 3 , 0.5 to 16 mg/l Kno 3 , 0.25 to 4 mg/l iBA, 0.25 to 4 mg/l iAA and 0.05 to 4 mg/l tDZ in sterilized deionised water ( Table 2 ). All plant growth regulators were prepared according to the recommendations of the manufacturer. All seed germination experiments were carried out in an incubator at 24±2 0 c under 16 h light and 8 h dark photoperiod or complete darkness.
All experiments contained 20 replications with 10 seeds in each replication (20 x 10=200 seeds). Data were recorded and subjected to the statistical analysis using SPSS for Windows version 12.0. Separation of treatments was made by Duncans Multiple Range test. Data given in percentages were subjected to arcsine (√X) transformation (21) before further statistical analysis.
Results and Discussion
the zygotic embryos of 123 out of 200 seeds stained red with ttc, and showed viability of 61.5% of the seeds.
Scarified or unscarified seeds sown in sand, that was submerged in sterile deionised water, contained in magenta vessels ® (ph 7) incubated in 16 h light or dark failed to germinate even after 5 months. No seed germination was recorded from unscarified seeds in liquid MS medium that contained 10-30 g/l sucrose. only 5% of the scarified seeds showed seed germination when grown on liquid MS medium that contained 15 g/l sucrose. However, the obtained results from agar solidified MS medium, Values within a column followed by different letters are significantly different at 0.05 level of significance using Duncans Multiple Range Test that contained 10-30 g/l sucrose, indicated inconsistent behavior of seed germination, as a range of 20.25-40.55% was documented, with maximum seed germination on MS medium that contained 25 g/l sucrose ( Table 1) . Germination increased on MS medium containing different concentrations of BAP-iAA. the results (Table 2) showed that the highest seed germination (60.20%) was on agar solidified MS medium that contained 1 mg/l BAP-0.1 mg/l IAA; closely followed by 41.1% seed germination on 2 mg/l BAP +0.2 mg/l IAA; and 40.65% seed germination on 4 mg/l BAP-0.1 mg/l iAA.
Seed germination after 5 months of culture initially, randomly selected 200 seeds were stored at 4 0 c and were tested for their viability using ttc, which showed 55.03% seed viability.
these seeds failed to germinate on all combinations of plant growth regulators and all levels of sucrose described in Table 1 and Table 2 . the seeds also failed to germinate on 0.5-16 mg/l GA 3 and Kno 3 used alone. no germination was recorded on either 0.25-4 mg/l iAA or iBA as well. however, 0.05 to 4 mg/l tDZ applied to seeds in sterilized, deionised water and incubated in light, broke the seed dormancy that resulted in seed germination of 25.80 to 51.37%. the highest seed germination of 51.37% was recorded for seeds treated with 2mg/l tDZ. the highest germination from tDZ treatment was partially in confirmation to the TTC test results. No visible difference in the rate of germination from the seeds germinated in the dark was observed as well. however, the seedlings obtained in dark were more vigorous and one to two times longer, (4 to 5 cm long) (Fig. 1a, c) compared to those obtained from the seeds germinated under 16 h light photoperiod (1 to 2 cm long) (Fig. 1b, d) . A significant reduction (5-6%) and malformed germinated plantlets were recorded when MS medium that contained equivalent concentrations of tDZ was used (Fig. 1e) .
the plants germinated in 16 h light and dark were divided into two lots each. each lot of germinated seeds from dark ( Fig. 1f) and 16 h light photoperiod (Fig. 1g) was transferred to aquariums (4 000 lux light intensity). All plants established under aquarium conditions but were put under stress that resulted in death of plants after 2 months in the aquariums. This was primarily due to insufficient light to carry out photosynthesis.
the other lot, of seeds germinated in 16 h light and dark, was potted and extrapolated to open ponds under ambient conditions of temperature and growth. it was expected that the tDZ treatment could induce malformations of the seedlings. on the contrary, irrespective of the germination conditions, the ambient conditions of temperature and light helped the plantlets to easily establish. the leaves and stems began to show visible signs of growth after one week after the transfer. the plantlets that were transferred to ponds showed vigorous growth and reached a height of 30-40 cm in two months time, with no abnormalities (April). All of the plants that were transferred to ponds set flowers and seeds starting from June to the end of August (Fig. 1h) . Seed germination and dormancy is controlled by large number of genes and environmental factors (4, 13) . the highest seed germination (60.20%) of fresh seeds on MS medium that contained 1 mg/l BAP+ 0.1 mg/l iAA is in conformity to the ttc test showing seed viability of 61.5%. other combinations of growth regulators were inhibitory or less promotive and failed to induce such level of germination. the decrease in germination that was observed when other combinations of plant growth regulators were used may be attributed to metabolic alterations brought about by plant growth regulators at the seeds and making them difficult to germinate.
No germination from unscarified seeds was recorded on liquid that was supplied with 10-30 g/l sucrose primarily due to hard seed coat dormancy. Reduced germination of scarified seeds compared to the cytokinin + auxin induced germination may be due to the development of an osmotically enforced dormancy by sucrose in the medium. this is partially in confirmity to the findings of Else et al. (7), who found that mechanical puncturing of the seed coat of N. odorata did not affect germination. on the contrary, these researchers found that stratification at 4.4 0 c for 5 months resulted in germination of crowded seeds in excess of 90% producing ethylene gas that promoted their germination. they also found that germination under conditions of seed crowding was inhibited by darkness and promoted by stratification. The results are also not in agreement with Smits (19) , who found that the innate dormancy of the seeds of N. alba could be overcome by a cold treatment. they found that light stimulated the germination of the seeds. else et al. (7) found that fragrant water-lily Nymphaea odorata seeds were dormant at the time of release without any afterripening requirements.
the seeds that were stored at 4 0 c for 5 months showed viability of 55.03%, and germination of 51.03% after treatment with 2 mg/l tDZ. the difference in percentage of germination and viability might be due to sampling error. the results emphasize that the seeds undergo dormancy rather than losing viability, in contradiction to hay et al. (9) , who emphasize that the seeds of N. alba have a significant desiccation sensitivity and if dried under ambient humidity will lose their viability after one week. the results are also not in agreement with Baskin & Baskin (2) and Hay et al. (9) who use stress cold stratification as the germination requirement for diverse species of this genus. instead, the seeds had developed some sort of chemical dormancy (para dormancy) caused by germination inhibitors, which had accumulated in the seeds during cold storage. cold storage could end dormancy due to morphologically immature embryos but not dormancy due to the development of an inhibitor (4). Another reason for lack of germination in chilled seeds could be the thermo-inhibition when incubation in the dark at 4 0 c is performed, rather than reduction in seed viability. thermo-inhibition was overcome after treatment with tDZ in line with Berrie et al. (3) who indicated that thermoinhibition of celery seeds is associated with the accumulation of a germination inhibitor which interacts with cytokinins and could be overcome by treatment with red light or aplication of cytokinins or giberellins. Sinska (18) also found that BA and GA 3 counteracted the inhibitory effect of Aminooxy acetic acid (AoA) and aminoethoxyvinylglycine (AVG) on embryo germination. he further emphasised that the effect of ethylene on the removal of embryonal dormancy is related to the action of BA but not GA 3 .
the results suggest further that the effect of thidiazuron on removal of dormancy is greater in the dark compared to light. Although the exact role of tDZ in seed germination is not clear, it is speculated that the inhibitors that are related to the development of embryonic dormancy could only be removed when Thidiazuron is used, which is in confirmation to Sinska (18) . he found that the removal of embryonal dormancy is related to the action of cytokinin (BA). it is further speculated that the embryonic axis may have supplied thidiazuron to the cotyledon more vigorously under dark, soon after imbibation, which mobilized the reserve materials that are required for germination, in line with Gepstein & ilan (8), Munoz et al. (14) , Martin et al. (12) and Pino et al. (16, 17) . the magnitude of shoot formation is regulated by the intensity of light photoperiod and light quality (10) . the seedlings that were germinated with tDZ and in dark were one to two times longer and vigorous (Fig. 1c, 4 -5 cm long) compared to those obtained from the seeds germinated under light (Fig. 1d, 1-2 cm long) .
White water lily is light loving plant and cannot grow in dark, low or diffused light (1) . it is hypothesized that the usual slow growth rate of plants leading to their ultimate death in aquariums was primarily due to inadequate light insufficient for proper photosynthesis of white water lilies.
in another study Smits et al. (20) found that under anaerobic conditions cold stratified seeds of N. alba germinated readily and released ethanol. they found that germination of seeds in an ethanol solution (350 mM) was generally stimulated compared to germination in water, but no significant effect was recorded if seeds had not received a cold treatment.
Conclusions
The research meets its objectives by developing an efficient in vitro seed germination procedure for the white water lily (N. alba). the seed germination protocol that was described in this report could be used as an effective mean for conservation of the species by maintaining genetic variability. the treated seeds could also be sown directly in shallow pond nurseries from where they could be transplanted/transferred to garden ponds once they reach proper height.
